The Primary Math Assessment (PMA) tool is increasingly being used in multiple districts in a northwestern state. The PMA provides both screening and diagnostic information in six domains to assess mathematical proficiency in young students in their early educational years. A previous study using multidimensional Rasch analyses found support for the PMA's six-dimensional theoretical framework, and that the PMA is a reliable mathematics assessment for early grades. This study extended the examination of a Rasch model, implementing exploratory and confirmatory factor analysis, Item Response Theory, and Differential Item Functioning analyses. In doing so, this study found an IRT 2-PL model to fit best with these data and provided ways to improve the accuracy of measuring mathematical proficiency in early grades.
Introduction

Need for Early Math Assessment
National and international mathematics assessments of fourth grade (9-year-old) students point to the need for better mathematics preparation for our youngest students (Clements & Sarama, 2007; Gersten, Beckman, Clarkem Foegen, Marsh, Star, & Witzel, 2009; Gersten, Clarke, Dimino, & Rolfus, 2011; NRC, 2009; Reese, Miller, Mazzeo, & Dossey, 1997) . Rising first-graders who have not learned basic math concepts and skills will experience problems in elementary school (ages 6 through 14) that can carry through to high school (ages 14 through 18) (Duncan, Dowsett, Claessens, Magnuson, Huston, Klebanov, & Brooks-Gunn, 2007; Jordan, Kaplan, Ramineni, & Locuniak, 2009; Morgan, Farkas, & Wu, 2009 ). Nevertheless, enduring improvement can be achieved through early intervention (Jordan & Levine, 2009; LeFevre, Fast, Skwarchuk, Smith-Chant, Bisanz, Kamawar, & Penner-Wilger, 2010 ). Of great importance, then, are valid, reliable, and efficient assessment instruments (i.e., screeners) that can identify these young students who are experiencing problems with mathematics and mathematical thinking, followed by assessments that can diagnose in which subdomains they experience their problems.
The Common Core Standards in Mathematics in the United States are descriptions of the mathematical skills that students should have at each year of education-a general framework of expectations that instructors use when drafting their teaching plans. These include standards in numbers and operations, along with algebraic thinking, measurement, data analysis, and geometry. However, most current educational screening tools assess only number sense, to the exclusion of other critical mathematical areas, for students in their early years of education. Teachers rely on available screening instruments, despite that the content of the screener is misaligned with the Common Core Standards. Further, dated definitions of mathematics disability have caused disability assessment tools to focus on numerical quantity and number sense, which is again misaligned with current research suggesting that mathematics disability also includes symbolic processing and visual-spatial impairment (Rousselle & Noel, 2007) , a deficit in working memory (Geary, 2004; Swanson, Howard & Saez, 2006) , and a http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 hybrid of other deficiencies (Ashkenazi, Black, Abrams, Hoeft, & Menon, 2013) . For these reasons, it is crucial that assessment and diagnostic instruments encompass the variety of mathematical problem subtypes, along with the content of the Common Core Standards for U.S. students.
Primary Mathematics Assessment Tool
To address the limitations of many of the current instruments, the Primary Mathematics Assessment (PMA) (Brendefur & Strother, 2010) has been developed to identify students in U.S. grades kindergarten through second grade (student ages five through eight) who are at risk for poor outcomes in six mathematics dimensions. Initially, students are assessed with the PMA-Screener (PMA-S), and students who identify as at risk are then assessed with the PMA-Diagnostic (PMA-D). These sequential, "multi-gate" assessments can first quickly assess many students, and then confirm initial screening findings for the small group of at-risk students, providing a comprehensive evaluation of the six dimensions of mathematical proficiency/deficiency. These results can be translated into targeted interventions, resulting in a more efficient use of time and the likelihood of improved proficiency for the at-risk students.
The PMA was developed to measure six predictive dimensions of future math achievement: number sequencing, operations (number facts), contextual problems, relational thinking, measurement, and spatial reasoning. A more thorough review of the development and success of the PMA is presented elsewhere (see Brendefur et al., 2015; Brendefur, Strother, & Thiede, 2012) .
Purpose
Like many assessment instruments, the PMA was subjected to an initial validation that utilized a Rasch model, which can examine items' difficulty. However, the PMA is now in the stage of development that requires a more in-depth validation with a large population of students. To accomplish this, we conducted a multiple-stage validation, beginning with an examination of the 1) conceptual framework, 2) structural validity using factor analysis, and 3) model fit by student grade using confirmatory factor analysis. We followed this with a 4) comprehensive evaluation of each item using Item Response Theory (IRT) and a 5) determination of the appropriate IRT nested model. Finally, we calculated Cronbach's alpha to 6) determine the instrument's reliability, examination of R 2 and utilized Differential Item Functioning (DIF), to 7) determine whether any items were biased against different groups and ANOVA from Classical Test Theory (CTT) and to 8) investigate whether the instrument as a whole was biased against any student groups.
Methods
In the winter of 2016, 33 schools from four districts in a Northwestern state used the PMA. Within these four districts, 1530 kindergarten students, 1553 first grade students, and 1558 second grade students took the PMA-Screening (PMA-S) test. Data from all 4641 completed PMA-S tests and demographic data on the participating students were used in this study. Prior to the analysis, the data were cleaned and reviewed for missingness and for potential invalid values due to data entry errors. Sex and school names were recoded to facilitate statistical analyses and numbers of correct answers were calculated to provide a test score for each student.
Part 1
We implemented a two-part approach to study PMA-S reliability and validity. Part 1 examined the conceptual framework from which the PMA-S was developed and how well the items performed within the measurement model. The first step in Part 1 was a test of the validity of the six-dimension PMA-S framework by conducting a factor analysis. The current implementation of the PMA-S uses 18 test items on six dimensions (i.e., latent constructs) identified as number sequencing (ns), operations/number facts (nf), contextual problems (cntxt), relational thinking (rt), measurement (meas), and spatial reasoning (spa). See Figure 1 for the conceptual framework.
http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 Figure 1. PMA-S conceptual framework Mplus 7.4 (Muthen & Muthen, 2015) was used to conduct an Exploratory Factor Analysis (EFA) on 18 dichotomous variables (see Appendix A for Mplus script). The 18 variables represent the 18 PMA questions dichotomously scored 1 (correct) or 0 (incorrect). We selected WLSMV for our estimator setting. Mplus defines WLSMV as "weighted least square parameter estimates using a diagonal weight matrix with standard error and mean-and variance-adjusted chi-square test statistic that uses a full weight matrix" (p. 533) and is the default estimator for an EFA using Mplus. For the rotation, we implemented Geomin oblique to review PMA-S dimensionality for each of three grades (kindergarten, first grade, and second grade) individually and then together. Geomin was selected because of the theoretical support that the six dimensions are correlated and because "Geomin rotation is recommended when factor indicators have substantial loadings on more than one factor resulting in a variable complexity greater than one" (Muthen & Muthen, 2015, p. 537) . Following the EFA, we conducted a Confirmatory Factor Analysis (CFA) for each of the three grades separately, with the three grades combined, and with covariates. Testing of multiple CFA models was necessary to explore model performance fully among the grades and when covariates were included. The next step in Part 1 included a comprehensive item examination using Item Response Theory (IRT) using Mplus 7.4. The National Council on Measurement in Education website glossary describes IRT as, "A theory of testing based on the relationship between individuals' performances on a test item and the test takers' levels of performance on an overall measure of the ability that item was designed to measure" (NCME, 2017). Again, we selected WLSMV as our estimator for consistency and because of the nested model (i.e., restricting one estimate of the model compared with the same model with no restriction) testing capability. The testing of nested models helped identify which of the IRT models is appropriate for PMA data modeling-1PL-Rasch for examining difficulty; 2PL for examining difficulty and discrimination; and 3PL for examining difficulty, discrimination, and guessing. Examination of the parameter estimates for IRT indicated how well each item fits within the appropriate IRT model, and showed the performance of each test item for assessing student mathematical proficiency. Both the testing of nested models and examining parameter estimates contributed to a final selection as to which IRT model is most appropriate for the PMA-S and which of the 18 items were not as effective in assessing mathematical proficiency.
Part 2
In Part 2 we examined the reliability and validity of the PMA-S using SPSS 22 to explore descriptive data for the various student groups. Whereas Part 1 focused on the conceptual framework, Part 2 focused on the respondents and how well items measured mathematical proficiency without bias. The first step in Part 2 of our analysis investigated potential unexplained performance differences among groups of students based simply on the number of correct answers. For example, if a low performing district scored significantly higher on the PMA-S when compared to a higher performing district, we would use this discovery to examine the two groups. Other variables used to group students included sex, ethnicity, teacher, and grade. We used One-way ANOVA to investigate potential group differences, along with comparing descriptive information and graphs representing group scores. Using these simple review procedures allows for a more comprehensive examination of PMA-S's reliability and validity.
The second step of Part 2 closely examined each PMA-S item for the possibility of having Differential Item Functioning (DIF) characteristics. PMA-S items with DIF are biased in their ability to fairly assess mathematical proficiency between groups. For example, if wording on a PMA-S test item places a Hispanic student at a disadvantage, then the item is considered inappropriate and unable to measure mathematical proficiency effectively. Using an item that is biased has the potential to deprive a student of an equal educational opportunity due to a test score that does not represent their true mathematical proficiency (e.g., teacher intervenes with an inappropriate lesson mismatched with the students' capabilities). In addition, we used DIF detection to verify the earlier discoveries of group differences to determine whether these differences were problematic for PMA-S or http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 simply true variations in student proficiencies.
Findings
Our examination of the data discovered no missingness with regards to the 18 PMA-S items or sex. However, substantial missingness was found for the variable identifying English language learners (ELL) that removed our opportunity to include ELL in the study. Overall, we found no values that were identified as invalid, but we did see some departure from normality for the number of correct answers, which is discussed later. Next, we calculated descriptive statistics for our sample of participating students. See Table 1 
EFA Findings
EFA was conducted on kindergarten (grade 0), grade 1, and grade 2 separately, and on a dataset with the grades combined. Our primary focus for the EFA was to explore the best number of dimensions to model the PMA-S items by only following the item loadings on the dimensions, and not to use EFA to explore which items should or should not be in the model. Therefore, fit indices and chi-square change significance were recorded for each possible number of dimensions from 1 to 8 (i.e., number of factors in the model). All recorded fit indices showed well-fitting models with Root Mean Square Error of Approximation (RMSEA) ranging in values from .047 to 0.00, using the good fit threshold of < .05. The Standardized Root Mean Square Residual (SRMR) also uses the < .05 threshold, and our data revealed ranges from .058 to .008, indicating well fitted models. The Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) indices fit well when > .9, and we discovered CFI and TLI ranges from .941 to 1, so all models met this criterion. For grades 0 and 1, chi-square values were significant until models with at least six factors were reached, suggesting that the models with fewer than six dimensions did not match the data well. Chi-square non-significance for grade 2 data was reached with only four factors, but when all three grades were combined, non-significance was reached at seven factors. Therefore, with strong fit indices for all three grades and a marginal difference in grade 2 for reaching non-significance, the conceptual framework with six dimensions is supported initially by our EFA analyses.
Comparing factor correlations for six factor models among the three grades also show differences. All grade 0 (i.e., kindergarten) factor correlations were found to be significant at p < .05 and ranged in value from 0.128 to 0.742. Grade 1 factor correlations found 10 of the 15 factor correlations to be significant, ranging from -0.143 to .727. Grade 2 factor correlations were recognizably different from grades 0 and 1. Only three of the correlations were significant at p < .05, ranging from 0.036 to 0.782. The patterns of the factor correlations shown in Table 2 and Table 3 below are echoed in the factor structures of the three grades. Within Tables 2 and 3 , bold and underlined ones identify largest loading values, while italics and underline identify second largest loading value within each grade. We focused on the factor structures for the three grades because we used oblique rotations. Tables 2 and 3 show that the identification of each factor (i.e., 1 through 6) is not the same for the three analyses (i.e., grade 0, 1, and 2), but the corresponding factors for each of the three grade analyses can be identified easily by the item loadings. Double loading was evident in many of the items. Double loading is when the largest factor loading for an item is not more than double in value from its other factor loadings. For example, item ns19 from grade 0 has a loading value of .460 with a second largest loading value of .432, and shows double loading for Grade 2 as well. This example and the other double loadings in Tables 2 and 3 indicate the degree to which the dimensions are correlated and how these items are measuring only slightly different concepts within the overall construct of mathematical proficiency. However, the presence of double loadings is an issue when developing a highly effective tool for measuring mathematical proficiency. In addition to individual items double loading on factors, some of the conceptualized groups of items do not always load on the same factor. This is especially evident for the three items for measurement (means01, means02, and means11) and for grade 2 in which no factor loadings indicate a single dimension. For all three grades combined, the loadings do not vary as much (see Table 4 ) but occurrences of double loadings persist. The lack of clear loadings for the 18 items on six dimensions (i.e., factors) is problematic. However, fit indices and the frequency in which conceptualized items for each dimension load on the same factor when comparing among grades and when grades are combined offered some support for the initial PMA framework. Some of the items within a conceptualized dimension show that they do measure the construct effectively, while other items are not as focused on a single dimension.
CFA Findings
Given the variations in item performance in the EFA analyses, we conducted a CFA to gain additional insight into the overall structural validity of the PMA-S. Figure 2 shows the estimated relationships among the 18 items http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 and six latent constructs when all three grades are combined. Next covariates were added to the CFA model to investigate potential influences on specific items. After including students' grade year as a covariate for the overall latent construct of mathematical proficiency, we used Mplus's modification indices (MI) to select which of the 18 items should have a direct effect from grade, stopping when no other significant MIs exist. Adding one direct effect at a time, followed by rerunning the model, fit indices were incrementally improving even though each model, from the start, shows indices for a well-fitting model. When the suggestions ended, only five of the 18 remained unlinked (ns12, ns19, nf08_33, nf13_38, and spa30).
We used the same procedure to investigate the covariate sex. Sex was defined as 1 = female, 2 = male, and 3 = other (only 19 out of 4641 identified as other). We removed grade and added sex to the model without any direct http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 effects to any of the 18 items. The model with sex as a covariate resulted in a better fitting model than when grade was added, and only six of the 18 show possible significant model improvement for the MI. Unlike influence from grade, at the time MI stopped showing any suggested direct effects, 13 of the 18 remained unlinked (ns12, ns18, nf08_33, nf13_38, nf20, rt12, rt23, cntxt03, cntxt07, means11, spa10, spa13, and spa30) . If adding a covariate improves model fit, then the items in the model are measuring more than their conceptualized construct. Linking the covariate to specific items is one way to identify which of the items are at fault within the model. The fact that the model improved for more links with grade than sex reveals that grade is more problematic to item effectiveness than sex.
Individual Item Performance
Following the review of the structural foundation of the PMA-S, we turned our attention to the measurement qualities of each individual item. IRT was used on each grade individually to find which of the 1-PL, 2-PL, or 3-PL models fit the data best. Given the nested nature of the models, we started with the 1-PL (i.e., Rasch) and used DIFFTEST option within Mplus (Mplus FAQ, 2017) to check for significant improvement within nested models. In addition, parameter estimates and graphs were used to examine how each model performed. Results from the DIFFTEST for each grade individually and grades combined found significant chi-square change differences going from the 1-PL to the less restricted 2-PL model, indicating that the 2-PL is a much better model for the data than 1-PL.
The slope in an Item Characteristic Curve (ICC) is the measure of discrimination for a single item. The 1-PL model (i.e., Rasch model) holds all slopes equal where the less restrictive model (i.e., 2-PL model) allows slopes to vary among items. A 2-PL model will be a better fit for the data when estimated item slopes vary. Figure 3 shows ICCs for 1-PL and 2-PL models that clearly show differences in slopes. A different set of criteria had to be used when choosing between 2-PL and 3-PL models. DIFFTEST in Mplus is available only for three different estimators, Mean and Variance Adjusted (MLMV), Robust Weighted Least Squares (WLSMV), and Robust Unweighted Least Squares (ULSMV). However, 3-PL model parameters with dichotomous outcome variables cannot be estimated using any of these three. In addition, Maximum Likelihood Robust (MLR) is the default estimator for 3-PL modeling in Mplus, and parameter estimates from WLSMV and MLR are similar but vary somewhat, making estimate comparisons more subjective. Given this, we looked closely at the "guessing" parameter values from the 3-PL analysis using MLR estimation to determine potential differences between 2-PL and 3-PL model fit. We discovered that only three of the 72 guessing estimates (i.e., 18 items in three grade datasets and one combined dataset) had significant guessing parameters. The three occurrences were spa13 for grade 0, means01 for grade 1, and ns19 for the combined dataset. Adding the three-significant guessing 3-PL estimates to the discriminate and difficulty 2-PL estimates suggested that the 3-PL did not rise to the level of being a better model selection than the 2-PL model. If more guessing parameters http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 had been significantly larger than zero, making the selection between 2-PL and 3-PL more challenging, we� would have conducted other model comparison tests (e.g., Wald test).� After our examination of model differences clearly selected the 2-PL model, we turned our attention to examining assessment differences among potential PMA-S student groups using classical test theory (CTT). � CTT focuses more on the number of correct answers by test takers that translate typically into test scores. The distributions of test scores for the three grades of students show reasonable means and standard deviations, but they are recognizably different (see Figure 4) The Kolmogorov-Smimov test for normality rejects all three distributions as being similar to a normal distribution. However, a significant departure from normality is not on its own problematic, and the changes in distribution shape from kindergarten to second grade make theoretical sense due to expected increased mathematical proficiency over time. A One-way ANOVA rejects at α = .05 equal means for all three grades, which added to the evidence that students at different grade levels perform differently.
Item Bias
Turning our attention to potential assessment differences by sex, mean test scores for females across the three grades were 7.74, 10.03, and 11.73, for males mean test scores were 8.55, 11.00, 12.14, and mean scores for other sex were 6.60, 7.25, and 11.20 for grades 0 through 2 respectively. A One-way ANOVA found female and male scores to be significantly different at α = .05 for grades 0 and 1, but not significant for grade 2. However, statistical significance alone is insufficient in determining differences. The large sample size can contribute to statistically significant differences between males and females, yet in our sample the other sex category did not have enough power to reach statistical significance. Practically, the mean differences between males and females were less than one correct answer apart, which does not support a finding of practically important difference. This illustrates why CTT is not the preferred approach to understanding assessment bias. IRT and DIF analyses provide more insight into which items on a test are placing a particular group at a disadvantage.
An approach commonly used to detect DIF items is the Mantel-Haenszel (Mantel & Haenszel, 1959) . Mantel-Haenszel tests each item, identifying which items on an assessment reject the possibility that no DIF characteristics are present. However, because our dataset is large (i.e., high statistical power), we were concerned that too many false positives would appear. Using a ranking approach, placing items in the order of potential DIF, http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 offered a more hands-on approach in identifying biased items allowed us to compare items while considering their theoretical contribution to assessing mathematical proficiency. We used one such ranking approach, the Area Method proposed by Raju (Raju, 1988) , to explore for DIF characteristics in the PMA-S items. The Area Method uses the amount of area found between ICCs from two separate groups to identify the potential level of DIF present. Because the calculated area represents the potential amount of DIF, items can be sorted by their calculated area values and then reviewed. We executed the Area Method following a 2-PL model on the PMA-S items to explore possible sex and grade bias by looking at each sex/grade combination against all others. Grouping sex and grade provided a better understanding of who exactly was experiencing the most bias, and which items in the PMA-S are most problematic. Table 5 shows calculated Area values for different groups of students according to their sex and grade. For Table  5 , bold and italics identify numbers larger than one, and underlined was added to numbers larger than two. Each row in the table represents one DIF analysis using the Area Method that allows for a comparison of potential DIF by item (18 columns representing the 18 items in the PMA-S). In addition, to help the comparison of items, we bolded the Area values larger than one, and for values larger than two we added an underline. A comparison reveals that item one of the items measuring spatial reasoning (spa13) is showing signs of bias (i.e., signs of large DIF characteristics). Three other items in two different dimensions are showing signs of bias, one in relational thinking (rt23) and two in measurement (meas01 and meas11). Six items show minimal signs of DIF characteristics, but with the earlier presented findings these signs may be related more to grade bias rather than male/female differences.
Conclusion
EFA and CFA both provide support for the conceptual framework. The model was well fit to six dimensions, which we believe would be even stronger if the three items found to have DIF characteristics were replaced with less biased items. In addition, IRT's 2-PL model was most appropriate for modeling mathematical proficiency, primarily due to its varying discrimination capabilities for items that are not recognized with a more conservative Rasch model. DIF analyses do show that PMA-S has some bias based on grade level and sex. Assessing measurement aptitude in students will be much improved if further review of measurement items were conducted. On the other hand, three of the six dimensions (number sequencing, number facts, and contextual problems) show very few signs of DIF.
http://journal.julypress.com/index.php/jed Vol. 2, No. 1; April, 2018 A limitation to our DIF analysis was the lack of access to other demographic information. As new test questions are added to the item pool, it will be very important to conduct a study dedicated to DIF with a wide range of student and teacher demographics. In addition, the variations in test item measurement effectiveness increased the likelihood that item bias using DIF analysis was not identified.
Nevertheless, the PMA-S was found to assess mathematical proficiency in kindergarten to second grade students remarkably well. As we continue development of this instrument, more work needs to be conducted in understanding grade performance differences and other differences that may be problematic.
Implications
The findings from this study support the theoretical construct that an assessment of mathematical proficiency must include the measure of six dimensions. Other assessment tools only address a few, and in fact are not effective in early grades. The utilization of an assessment tool that measures effectively mathematical proficiency on multiple dimensions, in early childhood education, is essential to the growth of math capabilities in older students. Missing the opportunity to assist children who are experiencing a proficiency gap in one of the dimensions can haunt a student's growth for many years, if not indefinitely. Though this study indicates some important issues that need to be addressed as the development of the PMA-S continues, the findings do show a significant opportunity to improve mathematical proficiency in K-2 students.
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